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INTRODUCTION

In late summer 1999, the first domestically acquired human cases of West Nile (WN)
encephalitis were documented in the U.S.>® The discovery of virus-infected, overwintering
mosquitoes during the winter of 1999-2000 presaged renewed virus activity for the following
spring and precipitated early season vector control and disease surveillance in New York City
(NYC) and the surrounding areas.”® These surveillance efforts were focused on identifying and
documenting WN virus (WNV) infections in birds, mosquitoes and equines as sentinel animals
that could alert health officials to the occurrence of human disease. Surveillance tracked the
spread of WNV throughout much of the U.S. between 2000 and 2002. By the end of 2002,
WNYV activity had been identified in 44 states and the District of Columbia. The 2002 WNV
epidemic and epizootic resulted in reports of 4,156 reported human cases of WN disease
(including 2,942 meningoencephalitis cases and 284 deaths), 16,741 dead birds, 6,604 infected
mosquito pools, and 14,571 equine cases. The 2002 WNV epidemic was the largest recognized
arboviral meningoencephalitis epidemic in the Western Hemisphere and the largest WN
meningoencephalitis epidemic ever recorded. Significant human disease activity was recorded
in Canada for the first time, and WNV activity was also documented in the Caribbean basin and
Mexico. In 2002, 4 novel routes of WNV transmission to humans were documented for the first
time: 1) blood transfusion, 2) organ transplantation, 3) transplacental transfer, and 4) breast-
feeding.

WNYV is a member of the family Flaviviridae (genus Flavivirus). Serologically, it is a member of
the Japanese encephalitis virus antigenic complex, which includes St. Louis, Japanese, Kunijin,
and Murray Valley encephalitis viruses.”*® WNV was first isolated in the WN province of
Uganda in 1937."*** Human and equine outbreaks have been recorded in portions of Africa,
southern Europe, North America, and Asia.'**

Although it is still not known when or how WNV was introduced into North America, international
travel of infected persons to New York, importation of infected birds or mosquitoes, or migration
of infected birds are all possibilities. In humans, WNV infection usually produces either
asymptomatic infection or mild febrile disease, sometimes accompanied by rash, but it can
cause severe and even fatal diseases in a small percentage of patients. The human case-
fatality rate in the U.S. has been 7% overall, and among patients with neuroinvasive WNV
disease, 10%.

Unlike WNV within its historical geographic range, or St. Louis encephalitis (SLE) virus in the
Western Hemisphere, mortality in a wide variety of bird species has been a hallmark of WNV
activity in the U.S. The reasons for this are not known; however, public health officials have been
able to use bird mortality (particularly birds from the family Corvidae) to effectively track the
movement of WNV. WNV has now been shown to affect 162 species of birds. Previous early-
season field studies have determined that areas with bird mortality due to WNV infection were
experiencing ongoing enzootic transmission. However, most birds survive WNV infection as
indicated by the high seroprevalence in numerous species of resident birds within the regions of
most intensive virus transmission. The contribution of migrating birds to natural transmission
cycles and dispersal of both WN and SLE viruses is poorly understood.

WNV has been transmitted principally by Culex species mosquitoes, the usual vectors of SLE
virus. Thirty-six species of mosquitoes have been shown to be infected with WNV. This wide
variety of WNV-infected mosquito species has widened this virus’ host-range in the U.S.: 27
mammalian species have been shown to be susceptible to WNV infection and disease has been



reported in 20 of these (including humans and horses). It must be remembered, however, that
the detection of WNV in a mosquito species is necessary but not sufficient to implicate that
species as a competent vector of WNV.

Since 1999, the Centers for Disease Control and Prevention (CDC) and a variety of other U.S.
governmental agencies and partners have sponsored yearly national meetings of
arbovirologists, epidemiologists, laboratorians, ecologists, vector-control specialists, wildlife
biologists, communication experts, and state and local health and agriculture officials to assess
the implications of the WNV introduction into the U.S. and to refine the comprehensive national
response plan. Recommendations from these meetings have been used to develop and to
update these guidelines.>'® This document is available electronically from the CDC Web site
at: http://www.cdc.gov/ncidod/dvbid/westnile/publications.htm.

To assist guideline implementation in 2000, CDC developed an electronic-based surveillance
and reporting system (ArboNet) to track WNV activity in humans, horses, other mammals, birds
and mosquitoes. In 2003, the ArboNet surveillance system has been updated to streamline
reporting to CDC of WNV activity by the state public health departments.

Today=s rapid transport of people, animals, and commodities increase the likelihood that other
introductions of exotic pathogens will occur. CDC continues to implement its plan titled
APreventing Emerging Infectious Diseases, a Plan for the 21% Century”."’



SURVEILLANCE

A universally applicable arbovirus surveillance system does not exist. In any given
jurisdiction, surveillance systems should be tailored according to the probability of arbovirus
activity and available resources. In jurisdictions without pre-existing vector-borne disease
surveillance and control programs, newly developed avian-based and/or mosquito-based
arbovirus surveillance systems will be required. In some, resurrection of previously
abandoned systems will be necessary. In others, modification and/or strengthening of
existing arbovirus surveillance systems (i.e., those intended to monitor eastern equine
encephalitis [EEE], western equine encephalitis [WEE], and/or St. Louis encephalitis [SLE]
virus activity) will be the most appropriate response. In yet other jurisdictions in which the
probability of arbovirus activity is very low and/or resources to support avian-based and/or
mosquito-based surveillance are unavailable, laboratory-based surveillance for neurologic
disease in humans and equines should be employed at minimum.

Seasonality of surveillance activities may vary depending upon geographic region. With the
anticipated spread of West Nile virus (WNV) to all of the 48 contiguous United States in
2003, all states should initiate surveillance after mosquitoes become active in the spring.

Appropriate and timely response to surveillance data is the key to preventing human and
animal disease associated with WNV and other arboviruses. That response must include
effective mosquito control and public education without delay, if an increasing intensity of
virus activity is detected by bird- or mosquito-based surveillance systems (see Section I11.M).
For basic information on arbovirus surveillance, see CDC Guidelines for Arbovirus
Surveillance Programs in the United States,*® this document can be obtained from CDC’s
Division of Vector-Borne Infectious Diseases, Fort Collins, Colorado, and is also available
from the CDC Web site at: www.cdc.gov/ncidod/dvbid/arbor/arboguid.htm.

A. Ecologic Surveillance

Detection of WNV in bird and mosquito populations helps health officials predict and
prevent human and domestic animal infections. Surveillance to detect WNV should
focus on the avian and mosquito components of the enzootic transmission cycle. Non-
human mammals, particularly equines, may also serve as effective sentinels because a
high intensity of mosquito exposure makes them more likely to be infected than people.
Descriptions of the avian-, mosquito-, and non human mammal-based surveillance
strategies follow.

1. Avian

a) Avian morbidity/mortality surveillance

Avian morbidity/mortality surveillance appears to be the most sensitive early
detection system for WNV activity, and should be a component of every state’s
arbovirus surveillance program. lIts utility for monitoring ongoing transmission in a
standardized fashion is currently being investigated, but should include at least
two basic elements: the timely reporting and analysis of dead bird sightings and
the submission of selected individual birds for WNV testing.



GOAL OF AVIAN MORBIDITY/MORTALITY SURVEILLANCE: Utilize bird
mortality associated with WNV infection as a means of detecting WNV activity in
a location.

1) Protocols and specimens

2)

The level of effort involved in this surveillance activity will depend on a risk
assessment in each jurisdiction. Generally, avian surveillance should be
initiated when local adult mosquito activity begins in the spring. A database
should be established to record and analyze dead bird sightings with the
following suggested data: caller identification and call-back number, date
observed, location geocoded to the highest feasible resolution, species, and
condition. Samples from birds in good condition (unscavenged and without
obvious decomposition or maggot infestation) may be submitted for laboratory
testing. As with all dead animals, carcasses should be handled carefully,
avoiding direct contact with skin. For greatest sensitivity, a variety of bird
species should be tested, but corvids should be emphasized." The number of
bird specimens tested will be dependent upon resources and whether WNV-
infected birds have been found in the area; triage of specimens may be
necessary on the basis of sensitive species (such as corvids) and geographic
location. Many jurisdictions may limit (or even stop) avian mortality
surveillance once WNV is confirmed in their region. It is suggested that avian
mortality surveillance be continued in each region as long as it remains
necessary to know whether local transmission persists, because dead-bird-
based surveillance is the most sensitive method for detection of WNV activity
in most regions.

A single organ specimen from each bird is sufficient to detect WNV or viral
RNA. Kidneys, brains, or hearts are preferable.?>** Oral swabs from corvids
have been validated as a sensitive alternative to organ samples, and because
fewer resources are necessary to acquire them, oral swabs are the preferred
specimen from corvid carcasses.” Testing involves isolation of infectious
virus, specific RNA detection by reverse transcription-polymerase chain
reaction (RT-PCR), ?* or antigen detection,?>?® and will generally be positive
within 1-2 weeks after specimen submission.

Recent experience

Analysis of recent avian morbidity and mortality data indicated that

(&) The American crow was the most sensitive species for avian morbidity/
mortality surveillance in northern regions. However, some areas did not
have WNV-positive American crows, but only WNV-positive birds of other
species. In southern regions, blue jays have been more sensitive than
Crows.

(b) Almost all of the positive birds were found singly and not as part of a mass
die-off at a single time and place.

(c) Approximately one-third of the WNV-positive birds had signs of trauma on
necropsy.



3)

4)

(d) Many WNV-positive birds did not have pathology indicative of WNV
infection on necropsy. No lesions are pathognomonic for WNV infection.

(e) WNV-positive dead birds usually provided the earliest indication of viral
activity in an area. In 2002, the detection of WNV-infected dead birds was
the first positive surveillance event in 1,534 (61%) of 2,531 counties
reporting WNV activity.

() The detection of WNV-positive dead birds preceded reports of human
cases (although knowledge of the test result did not necessarily predate
the onset of human cases). In 2002, 527 (89%) of 589 counties reporting
human WN meningoencephalitis cases first detected WNV transmission
in animals. In 327 (72%) of these 527 counties, detection of WNV-
infected dead birds was the first positive surveillance event, preceding
human illness onset by a median of 38.5 days (range, 2-252 days).

(g) Many counties with human cases of WNV infection tended to have high
dead bird surveillance indices, both WNV-positive and sightings. Notable
exceptions included sparsely populated counties, particularly those in the
midwestern states.””*

(h) Experimental evidence of direct transmission among corvids and gulls
exists, but whether this occurs in nature is unknown. ?° If it does, then in
some settings, virus-infected mosquitoes might not be necessary to
maintain enzootic transmission cycles.

Advantages of avian morbidity/mortality surveillance include the following:

(a) Certain species of birds, in particular corvids (e.g., crows and jays)
experience high clinical attack rates.

(b) The size and coloration of certain dead birds makes them conspicuous
(e.g., crows).

(c) RT-PCR and antigen-detection assays can be used to rapidly detect WN
viral RNA and protein, respectively, in tissues, even if the tissue is partly
decomposed. Both assays have now been adapted for field applications.

(d) Due to public involvement in reporting dead bird sightings, dead wild birds
are readily available over a much wider region than can be sampled by
other surveillance methods.

(e) Detection of WNV in dead birds likely signifies local transmission.*

() This type of surveillance provides a temporally and spatially sensitive
method for the detection of WNV activity.

(g) It can be used for early detection and possibly also for ongoing monitoring
of WNV transmission.

(h) It may be used to estimate risk of human infection with WNV- 273132

Disadvantages of avian morbidity/mortality surveillance include the following:

(a) Dead bird surveillance data from different jurisdictions are difficult to
compare.

(b) Birds are highly mobile and often have extensive home ranges, so that the
site of death may be distant from the site of infection (especially after the
breeding season, when birds are generally less territorial).

(c) Collection, handling, shipping, and processing of birds or their clinical
specimens is cumbersome.
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(d) Systems for handling, processing, and testing have at times been
overwhelmed by high public response and public expectations.

(e) The long-term usefulness of this system is uncertain because natural
selection for disease-resistant birds may occur, populations of susceptible
species may become very low, or the virus may evolve, resulting in low or
no avian mortality. In areas where WNV annually recurs, intense
environmental sampling might not be as useful.

() Success is influenced by public participation, which is highly variable, and
depends on the number of public outreach programs, level of public
concern, etc.

(g) The system may be less sensitive in rural areas, where there are fewer
persons to observe dead birds over a wider geographic area. In the
western U.S., low observer density is coupled with the presence of a
vector (Culex tarsalis) that is less ornithophilic, resulting in fewer reports of
dead birds relative to other non-avian surveillance indicators.

b) Live bird surveillance

Live-bird surveillance has been used traditionally both to detect and monitor
arbovirus transmission (e.g., for SLE, EEE and WEE viruses). Two
approaches are captive sentinel surveillance (typically using chickens, but
other species have been used as well), and free-ranging bird surveillance.*
Both depend on serological testing, which generally requires at least 3 weeks
to detect and confirm an infection. Successful application of these
approaches requires extensive knowledge of local transmission dynamics. It
is recommended that further research be done before relying on sentinel birds
as a primary means of WNV surveillance. Use of sentinel birds may require
institutional animal use and care protocols, and other authorization permits.

GOAL OF LIVE-BIRD SURVEILLANCE: Utilize seroconversions in captive or
free-ranging bird species as indicators of local WNV activity.

1) Captive sentinel surveillance

Although an ideal captive avian sentinel for WNV -- or any other arbovirus
— may not exist, such a species would meet the following criteria: 1) is
universally susceptible to infection, 2) has a 100% survival rate from
infection and universally develops easily detectable antibodies, 3) poses
no risk of infection to handlers, and 4) never develops viremia sufficient
to infect vector mosquitoes.'® Captive sentinels have been effectively
used to monitor transmission of arboviruses in a standardized fashion,
including SLE virus in California and Florida, especially in historical
enzootic transmission foci. Captive sentinel flocks should be placed in
likely transmission foci (e.g., near vector breeding sites or adult mosquito
congregation sites), and presented appropriately to allow feeding by
enzootic WNV vectors. Alternatively, pre-existing captive birds (e.qg.,
domestic poultry or pigeons, or zoo birds) may be used as sentinels.



(@)

(b)

()

Protocols and specimens

Whole blood can be collected and centrifuged for serum. Serum is
screened by either hemagglutination inhibition (HI), enzyme-linked
immunosorbent assay (ELISA) or plague-reduction neutralization test
(PRNT).** It is important to note that the extraction of avian serum
samples to remove non specific inhibitors of hemagglutination for use
in the HI test follows procedures different from those used in tests of
human serum samples.* Positive tests must be confirmed by
neutralization to rule out false positives and cross-reactions due to
infection with related flaviviruses (e.g., SLE virus).

Recent experience

(i) In 2000, sentinel chickens were used in selected counties in New
York State, New York City (NYC), New Jersey, Pennsylvania,
Maryland, and Delaware. Small numbers of seroconversions were
detected late in the season in New Jersey and New York. As used
in 2000, chickens were ineffective sentinels. In NYC in 2001,
sentinel chickens were placed in known transmission foci and
seroconverted earlier in the season, but not earlier than the first
human cases. In 2002, hundreds of sentinel chickens in the
Southeast seroconverted, but these were rarely the earliest
indicators of WNV activity at the county level.

(i) 1gM capture enzyme-linked immunosorbent assay (MAC-ELISA)
testing of experimentally infected chickens points to the need for
biweekly sampling of sentinels.*®

(iii) Experimental studies have shown that chickens, pigeons, and
pheasants (CDC, unpublished data) are candidate sentinels due to
their susceptibility to infection, low mortality, and relative
incompetence as amplifying hosts. However, small amounts of
WNV were detected in cloacal swabs from infected chickens and
pigeons.?*¥

(iv) Field studies of avian seroprevalence in Queens in 1999 indicated
that captive chickens frequently were infected.*® In Staten Island
in 2000, captive pigeons frequently were infected.*

(v) Some mortality in chickens was attributed to WNV at various
locations in New York State.*

Advantages of sentinel captive bird surveillance include the following:

() Chickens have been successfully used in flavivirus surveillance for
over 6 decades.

(ii) Birds are readily fed upon by Culex mosquitoes.

(iiif) Captive birds can be serially bled, making the geographic location
of infection definite.

(iv) The system is flexible and therefore can be expanded and
contracted as appropriate.

(v) Mosquito-abatement districts can maintain and bleed flocks and
submit specimens for testing.

(vi) Collection of specimens is inexpensive compared with the costs of
free-ranging bird surveillance.

11



(d) Disadvantages of captive sentinel surveillance include the following:

(i) Sentinel flocks detect only focal transmission, requiring multiple
flocks be positioned in representative geographic areas. This is
particularly true when vector mosquitoes have short flight ranges
(e.g., Culex pipiens).

(ii) Flocks are subject to vandalism and theft.

(iii) Flocks must be protected from predators.

(iv) Flock set-up and maintenance (i.e., birds, cages, feed,
transportation) are expensive. Training is required for proper
maintenance and sampling.

(v) Pre-existing flocks may already have been exposed due to
previous local WNV transmission.

2) Free-ranging bird surveillance

Free-ranging birds provide the opportunity for sampling important
reservoir host species and may be used both for early detection and for
monitoring virus activity. This type of surveillance has been used
effectively for SLE, EEE and WEE virus surveillance in several states. In
each geographic area, the optimal free-ranging bird species to be
monitored should be determined by serosurveys. The best species for
serologic surveillance are those in which infection is rarely, if ever, fatal,
and population replacement rates are high, ensuring a high proportion of
uninfected individuals.

(a) Protocols and specimens
The use of free-ranging birds requires differentiation of recent
infection from infections acquired in previous years. For most species,
assays for detection of IgM antibody will not be available and other
tests such as IgG (IgY)-detection ELISAs**** and the PRNT** must be
used to detect WNV-specific antibody. Antibody-positive birds less
than 1 year old may be presumed to have been infected recently
(during current transmission season). Weak seropositivity in very
young birds (less than 1 month old) may be due to maternal transfer of
antibody. Seroconversion in older birds is also evidence of recent
transmission, but requires frequent recapture for acquisition of multiple
specimens from uniquely banded individuals during the course of the
transmission season. WNV seropositivity among after-hatch-year
birds, when determined from a single serum specimen, should not be
interpreted or reported as evidence of recent infection. State and
federal permits are required for capture and banding of federally-
protected migratory birds.

(b) Recent experience
(i) In urban epizootic transmission foci in NYC, several common
species (i.e., house sparrows, cardinals, catbirds, mourning doves,
rock doves) developed high seroprevalence, making them strong
candidate sentinels, although other species may be important in
other locations.**%



(i) A comparison of free-ranging bird surveillance in NYC in 2001
found that much greater effort was required for this surveillance
system compared with other surveillance systems (Green Street
Scientific, LLC, unpublished data). Similar observations have
been made in Indiana, Louisiana, New Jersey, Ohio, and Texas.

(c) Advantages of free-ranging bird surveillance include the following:

(i) It has along history of successful use in flavivirus surveillance.

(i) Local movement of resident wild birds may increase contact with
enzootic transmission foci, thus increasing sensitivity (relative to
captive sentinels).

(iii) Set-up or maintenance costs may be minimal.

(iv) Its sampling capability is highly flexible.

(v) It permits evaluation of herd immunity among important amplifying
hosts.

(vi) Owner confidentiality may be less of an issue.

(d) Disadvantages of free-ranging bird surveillance include the following:

(i) Interpretation of serologic results is complex.

(i) Handling and venipuncture of birds increases the risk of exposure
to pathogens in blood and feces.

(iii) Movement of free-ranging wild birds makes it impossible to know
where an infection was acquired.

(iv) Most birds are protected by federal law, and their collection and
sampling requires state and federal permits. Banding permits
require complex data reporting.

(v) Training is required for live-trapping, blood-sampling, handling,
and accurate determination of the species and age of wild birds.

(vi) It is generally not feasible to serially bleed individual free-ranging
birds because of low recapture rates (although banding can be
useful).

2. Equine

Equines appear to be important sentinels of WNV epizootic activity and human
risk, at least in some geographic regions. In addition, equine health is an
important economic issue. Therefore, surveillance for equine WNV disease
should be conducted in jurisdictions where equines are present. Veterinarians,
veterinary service societies/agencies, and state agriculture departments are
essential partners in any surveillance activities involving equine WNV disease. A
working surveillance case definition of clinical WNV infection in equines is
presented in Appendix B.

GOALS OF EQUINE DISEASE SURVEILLANCE: To use data on equine WNV
disease cases to assess the threat of human disease, identify geographic areas
of high risk, and assess the need for and timing of interventions.

a) Protocols and Specimens
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b)

c)

d)

1)

2)

Serum and cerebrospinal fluid (CSF) for antibody testing. Because an
equine WNV vaccine is now in widespread use, a complete vaccination
history should accompany all specimens submitted for antibody testing.

Necropsy tissues (especially brain and spinal cord) for gross pathology,
histopathology, RT-PCR, virus isolation, and immunohistochemistry. The
differential diagnosis of equine encephalitis includes, but is not limited to,
the other arboviral encephalitides and rabies.

Recent experience

1)

2)

3)

4)

In 2002, equine WNYV disease cases were the first indication of WNV
activity in 95 (16%) of the 589 counties where human disease was
reported. The majority of these 95 counties were located in the central
and western U.S.

In general, equine WNV disease cases have been scattered. Few case
clusters have been documented.

In fatal equine WNYV disease cases, pathological findings have been non-
specific. Pathognomonic lesions have not been described.

A licensed equine WNV vaccine has been available in the U.S. since
2001. No studies of efficacy have been published.

Advantages of equine disease surveillance include the following:

1)

2)
3)

Equines are highly conspicuous, numerous, and widely distributed in
some areas. They may be particularly useful sentinels in rural areas,
where dead birds may be less likely to be detected.

Some equines are routinely bled and tested for other pathogens.

Il equines have been one of the earliest, if not the earliest, sentinels of
WNYV activity in some geographic areas.

Disadvantages of equine disease surveillance include the following:

1)

In some geographic areas, equines may not be an early sentinel (i.e.,
human WNYV disease cases may occur simultaneously with or soon after
eguine cases).

2) Necropsies are expensive and logistically difficult.

3) Equines are not present or abundant in many areas of the U.S. (e.g.,

4)

densely populated metropolitan areas), and proximity of equines to human
populations varies.

Widespread use of equine WNV vaccines may decrease the incidence of
equine WNYV disease and therefore the usefulness of equines as
sentinels.



5) Because the costs of clinical equine specimen collection and testing are
usually borne directly by the owner, economic factors work against the
submission and testing of equine specimens for arboviral infections.

e) Minimal components of an equine surveillance program

1) All equine neurologic disease cases should be promptly reported; the
equines should be tested for infection with WNV and other arboviruses as
geographically appropriate, and for rabies.

2) Clusters of equine neurologic disease cases should be promptly
investigated.

Mosquito

While dead-bird-based surveillance has proven to be the most sensitive method
of detecting WNV presence in an area, mosquito-based surveillance remains the
primary tool for quantifying the intensity of virus transmission in an area, and
should be a mainstay in most surveillance programs for WNV and other
arboviruses.

GOALS OF MOSQUITO-BASED SURVEILLANCE: To 1) use data on mosquito
populations and virus infection rates to assess the threat of human disease; 2)
identify geographic areas of high risk; 3) assess the need for and timing of
interventions; 4) identify larval habitats for targeted control; 5) monitor the
effectiveness of this type of surveillance and improve prevention and control
measures; and 6) develop a better understanding of transmission cycles and
potential vector species.

a) Protocols and specimens

1) Adult mosquitoes are collected using a variety of trapping technigques and
are used to identify the mosquito species and primary vector species
present in an area and the relative density of those species. When
coupled with virus detection protocols, mosquito collections can be
screened for the presence of virus and provide a quantifiable index of
WNYV activity. Adequate sampling requires trapping regularly at
representative sites throughout a community, and rapid testing of
collections of sufficient size to detect low infection rates in the vector
population. Minimally, adult mosquito density (hnumber collected per trap
night) and infection rate (number of individual mosquitoes estimated
containing WNV per 1,000 specimens tested) should be recorded for
each area to provide a basis for tracking mosquito density and virus
incidence.

2) Larval mosquitoes are collected by taking dip samples from a variety of
habitats to identify species present in the area and to identify mosquito
sources. Thorough mapping of larval habitats will facilitate larval control
or source reduction activities. In addition, where larval management is not
feasible, quantitative estimates of larval densities will permit anticipation of
new adult emergences. Minimally, the number of larvae collected per dip

15



16

and location where collected should be recorded to provide a basis for
tracking larval production and association of larval density with resulting
adult mosquito population density.

b) Recent experience

1)

If mosquito trapping effort is intensive, detection of WNV in mosquitoes
might precede detection of virus activity by other surveillance tools. If
mosquito trapping effort is inadequate, WNV-positive mosquitoes may not
be detected prior to the identification of a virus in dead bird, sentinel
animal, or human WNV disease cases.

2) Moderate to high infection rates sustained for several weeks in Cx.

3)

4)

5)

6)

pipiens or Cx. quinquefasciatus have been associated with subsequent
human outbreaks. Sustained high infection rates early in the year are
associated with a higher risk for subsequent outbreaks.

Several intense, focal outbreaks during 2002 were associated with
relatively low vector densities, but with high infection rates in key vector
species (i.e., infection rates in Cx. pipiens or Cx. quinquefasciatus of
approximately 10 per 1,000 or greater).

Large numbers of WNV-positive Cx. tarsalis pools have been found in
association with WNV activity in areas where this species is common.
Meaningful infection rates have not yet been determined.

Avian epizootics may occur without demonstrable human WNYV infection.
The epizootics are demonstrated, in part, by detection of WNV-positive
mosquito pools containing only species that feed predominantly on birds
(e.g., Cx. restuans).

During 1999-2002, WNV was detected in 36 mosquito species in the U.S.
(see www.cdc.gov/ncidod/dvbid/westnile/mosquitoSpecies.htm). The vast
majority of isolates came from Cx. pipiens, Cx. quinquefasciatus and Cx.
restuans. Numerous isolates have also come from several potential
accessory vectors (i.e., Cx. tarsalis, Cx. salinarius, Oc. Ae. albopictus, Oc.
triseriatus, Ae. vexans, Cx. nigripalpus). While detection of WNV in these
species demonstrates intensified virus transmission (i.e., virus in primarily
mammal-feeding or opportunistic mosquitoes), the contribution of these
species to human risk is poorly understood.

Advantages of mosquito-based surveillance include the following:

1)
2)
3)
4)

It may provide the earliest evidence of transmission in an area.
It helps establish information on potential mosquito vector species.
It provides an estimate of vector species abundance.

It gives quantifiable information on virus infection rates in different
mosquito species.



d)

5)

6)

7)

It provides quantifiable information on potential risk to humans and
animals.

It provides baseline data that can be used to guide emergency control
operations.

It allows evaluation of control methods.

Disadvantages of mosquito-based surveillance include the following:

1)
2)

3)

It is labor-intensive and expensive.

Substantial expertise is required for collecting, handling, sorting, species
identification, processing, and testing.

Collectors may be at risk from mosquito bites, especially if day biting
species are important bridge vectors, and should wear topical repellents
and/or repellent-treated clothing when working in areas where a r